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, $H$ Hilbert , $\langle\cdot,$ $\cdot\}$ $H$ , $\Vert\cdot\Vert$ $H$ , $I$ $H$
, $\mathbb{R}$ , $\mathbb{N}$ $H$ $\{x_{n}\}$ $x$
$x_{n}arrow x$ , $x_{n}arrow x$
$C$ $H$ , $T$ $C$ $H$ $T$
Fix$(T)$ $T$ (nonexpansive) , $x,$ $y\in C$
$\Vert Tx-Ty\Vert\leq\Vert x-y\Vert$ $C$ $T$
, Fix$(T)$ , $I-T$ demiclosed,
, $x_{n}-Tx_{n}arrow 0$ $x_{n}arrow u$ $u\in$ Fix$(T)$
$T$ (strongly nonexpansive) , $\{x_{n}-y_{n}\}$
$\Vert x_{n}-y_{n}\Vert-\Vert Tx_{n}-Ty_{n}\Vertarrow 0$ $C$ $\{x_{n}\}$ $\{y$
$x_{n}-y_{n}-(Tx_{n}-Ty_{n})arrow 0$
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[10]
, [10] $T$
(firmly nonexpansive) , $x,$ $y\in C$
$\Vert Tx-Ty\Vert^{2}\leq\langle x-y$ , Tx–Ty$\}$
, [12]
2.1 ([3, Corollary 3,6] [2, Corollary 3.8]). $C$ $D$ Hilbert $H$
, $S:Carrow H$ $T:Darrow H$ , $F(S)\cap F(T)\neq\emptyset$
$T(D)\subset C$ , $S$ $T$ , $F(ST)=$
$F(S)\cap F(T)$
$C$ $H$ $x\in H$
$\Vert x-z\Vert=\min\{\Vert x-y\Vert:y\in C\}$
$z\in C$ $z$ $P_{C}(x)$ , $P_{C}$ $H$ $C$
$P_{C}$
$A:Carrow H$ (inverse-strongly-monotone) , $\alpha$
, $x,$ $y\in C$
$\langle x-y,$ $Ax-Ay\rangle\geq\alpha\Vert Ax-Ay\Vert^{2}$
, $A$ $\alpha$- , $\alpha$-
, $\alpha$ $\alpha$
1 $\alpha$-Lipschitz ,
$\bullet$ $0\leq\lambda\leq 2\alpha$ , $I-\lambda A$ ;
$\bullet$ $0<\lambda<2\alpha$ , $I-\lambda A$
( , [20] [2] )
$C$ $H$ $\{T_{n}\}$ (strongly nonexpansive sequence)
, $\{x_{n}-y_{n}\}$ $\Vert x_{n}-y_{n}\Vert-\Vert T_{n}x_{n}-T_{n}y_{n}\Vertarrow 0$ $C$
$\{x_{n}\}$ $\{y_{n}\}$
$x_{n}-y_{n}-(T_{n}x_{n}-T_{n}y_{n})arrow 0$
26
,2.2 ([2, Example 3.2, 3.3]). $H$ Hilbert , $C$ $H$
, $\{T_{n}\}$ $C$ $H$ , $A:Carrow H$ $\alpha$- , $\{\lambda_{n}\}$
$0< \inf_{n\in \mathbb{N}}\lambda_{n}\leq\sup_{n\in \mathbb{N}}\lambda_{n}<2\alpha$ , $\{T_{n}\}$
$\{I-\lambda_{n}A\}$
2.3 ([2, Theorem 3.4]). $H$ Hilbert , $C$ $D$ $H$
, $\{S_{n}\}$ $D$ $H$ , $\{T_{n}\}$ $C$ $H$ , $\{S_{n}\}$
$\{T_{n}\}$ , $n\in \mathbb{N}$ $T_{n}(C)\subset D$
, $\{S_{n}T_{n}\}$
2.4 ([2, Corollary 3.8] [3, Corollary 3.4]). $H$ Hilbert , $C$
$D$ $H$ , $\{S_{n}\}$ $D$ $H$ , $\{T_{n}\}$ $C$
$H$
$\bigcap_{n=1}^{\infty}Fix(S_{n})\cap\bigcap_{n=1}^{\infty}Fix(T_{n})\neq\emptyset$
, $\{S_{n}\}$ $\{T_{n}\}$ , $n\in \mathbb{N}$
$T_{n}(C)\subset D$ , $C$ $\{x_{n}\}$ , $x_{n}-S_{n}T_{n}x_{n}arrow 0$
$x_{n}-S_{n}x_{n}arrow 0$ $x_{n}-T_{n}x_{n}arrow 0$
2.5 ([3, Corollary 3.5]). $H$ Hilbert , $C$ $D$ $H$
, $S:Darrow H$ , $\{T_{n}\}$ $C$ $H$
Fix $(S) \cap\bigcap_{n=1}^{\infty}$ Fix$(T_{n})\neq\emptyset$
, $\{T_{n}\}$ , $n\in \mathbb{N}$ $T_{n}(C)\subset D$
, $C$ $\{x_{n}\}$ , $x_{n}-ST_{n}x_{n}arrow 0$ $x_{n}-Sx_{n}arrow 0$
$x_{n}-T_{n}x_{n}arrow 0$
$C$ $H$ , $\{T_{n}\}$ $C$ $H$
,
$\bullet$ $\{T_{n}\}$ (B) , $C$ $D$ $\mathbb{N}$ {ni}
27
, $T:Carrow H$ $\{T_{n_{i}}\}$ $\{T_{n}:_{j}\}$
$F(T)= \bigcap_{n=1}^{\infty}F(T_{n})B^{a}$ $\lim_{jarrow\infty}\sup\{\Vert Ty-T_{n_{i_{j}}}y\Vert:y\in D\}.=0$
$\bullet$ $\{T_{n}\}$ (Z) , $x_{n}-T_{n}x_{n}arrow 0$ $C$ $\{x$
$\{T_{n}\}$
3
,
3.1 ( ). $H$ Hilbert , $C$ $H$ , $f$ $C\cross C$
$f(x, y)\geq 0$ , $\forall y\in C$
$x\in C$
( 3.1) EP $(f)$
$EP(f)=\{x\in C:f(x, y)\geq 0, \forall y\in C\}$
, , , ,
, $[$9$]$ , $[$ 13, 14$]$ , $[$7$]$
, ,
32([4, 9, 11]). $H$ Hilbert , $C$ $H$ , $f$
$C\cross C$
(Fl) $x\in C$ , $f(x, x)=0$ ;
(F2) $x\in C$ , $f(x, \cdot):Carrow \mathbb{R}$ ;
(F3) $x,$ $y\in C$ , $f(x, y)+f(y, x)\leq 0$ ;
28
(F4) $x,$ $y\in C$ , $\phi:[0,1]arrow \mathbb{R}$ , $\phi$
$t\in[0,1]$ $\phi(t)=f((1-t)x+ty,$ $y)$
, $x\in H$ $r>0$ ,
$F_{r}x=\{z\in C$ : $0 \leq f(z, y)+\frac{1}{r}\langle y-z,$ $z-x\},$ $\forall y\in C\}$ (3.1)
32 , 1 $F_{r}:Harrow C$ , $f$ $(r$
) ,
3.3. $H$ Hilbert , $C$ $H$ , $f$ $C\cross C$
32 (Fl), (F2), (F3) (F4)
, $f$
(1) $r>0$ , Fix$(F_{r})=$ EP$(f)$ ;
(2) $x,$ $y\in H$ $r,$ $s>0$ , $\langle F_{r}x-F_{s}y,$ $s(x-F_{r}x)-r(y-F_{s}y)\rangle\geq$
$0$ ;
(3) $r>0$ , $F_{r}$ ;
(4) $x\in H$ $r,$ $s>0$ , $r\Vert F_{r}x-F_{s}x\Vert\leq|r-s|\Vert x-J_{r}x\Vert$ ;
(5) EP $(f)\neq\emptyset$ , $\{F_{r_{n}}\}$ (Z) , $\{r_{n}\}$ $\inf_{n}r_{n}>0$
. (3.1)
$z=F_{r}z \Leftrightarrow 0\leq f(z, y)+\frac{1}{r}\langle y-z,$ $z-z\rangle=f(z, y),$ $\forall y\in C\Leftrightarrow z\in EP(f)$
, (1)
(3.1) , $x,$ $y\in H$ $r,$ $s>0$ , $F_{r}x,$ $F_{s}y\in C$
$f(F_{r}x, F_{s}y) \geq\frac{1}{r}\langle F_{s}y-F_{r}x,$ $x-F_{r}x\}$ ,
$f(F_{s}y, F_{r}x) \geq\frac{1}{s}\langle F_{r}x-F_{s}y,$ $y-F_{s}y\rangle$
(F2)
$0\geq f(F_{r}x, F_{s}y)+f(F_{s}y, F_{r}x)$
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$\geq\frac{1}{r}\langle F_{s}y-F_{r}x,$ $x-F_{r}x \}+\frac{1}{s}\langle F_{r}x-F_{s}y,$ $y-F_{s}y\rangle$
, (2)
, (2) (3) (4) (2) $r=s$
$\langle F_{r}x-F_{r}y,$ $r(x-F_{r}x)-r(y-F_{r}y)\rangle\geq 0\Leftrightarrow\Vert F_{r}x-F_{r}y\Vert^{2}\leq\langle F_{r}x-F_{r}y,$ $x-y\}$
, $r>0$ , $F_{r}$ (2) ,
$x=y$
$0\leq\langle F_{r}x-F_{s}x,$ $s(x-F_{r}x)-r(x-F_{s}x)\}$
$=\langle F_{r}x-F_{s}x,$ $-r(F_{r}x-F_{s}x)+(s-r)(x-F_{r}x)\}$
,
$r\Vert F_{r}x-F_{s}x\Vert^{2}\leq(s-r)\langle F_{r}x-F_{s}x,$ $x-F_{r}x\rangle\leq|s-r|\Vert F_{r}x-F_{s}x\Vert\Vert x-F_{r}x\Vert$
, (4)
, (5) (1) , $\bigcap_{n=1}^{\infty}Fix(F_{r_{n}})=$ EP$(f)\neq\emptyset$ $\{x$ $x_{n}-$
$F_{r_{n}}x_{n}arrow 0$ $H$ , $x_{n_{i}}arrow u$ , $u\in$ EP$(f)$
$s$ , (2) , $n\in \mathbb{N}$
$0\leq\langle F_{r_{n}}x_{n}-F_{s}u,$ $s(x_{n}-F_{r_{n}}x_{n})-r_{n}(u-F_{s}u)\}$
, $i\in \mathbb{N}$
$0\leq-\langle F_{r_{n_{i}}}x_{n_{i}}-F_{s}u,$ $u-F_{s}u \rangle+\frac{s}{r_{n_{i}}}\langle F_{r_{n_{i}}}x_{n_{i}}-F_{s}u,$ $x_{n_{i}}-F_{r_{n_{i}}}x_{n_{i}}\rangle$
, $F_{r_{n_{i}}}x_{n_{i}}arrow u,$ $\{1/r_{n}\}$ $\{F_{r_{n}}x_{n}\}$ , $x_{n_{i}}-F_{r_{n_{i}}}x_{n_{i}}arrow 0$
, $jarrow\infty$
$0\leq-\langle u-F_{s}u,$ $u-F_{s}u\}=-\Vert u-F_{s}u\Vert^{2}$
, $u=F_{s}u$ , , $u\in$ Fix$(F_{s})=$ EP$(f)$ , $\{F_{r_{n}}\}$
(Z)
33 , ( 3.1) ( )
30
4, ,
4.1
Moudafi [15]
4.1. $H$ Hilbert , $C$ $H$ , $f$ $C\cross C$
, $T:Carrow C$ , $A:Carrow H$ $\alpha$- , $f$
3.2 (Fl), (F2), (F3) (F4) , $z\in$ Fix$(T)\cap$ EP
EP $=\{x\in C:f(x, y)+\langle y-x, Ax\rangle\geq 0, \forall y\in C\}$
4.1 , $r>0$
EP $=$ Fix $(F_{r}(I-rA))$ (4.1)
$f(z, y)+ \frac{1}{r}\langle y-z,$ $z-(I-rA)z\}=f(z, y)+\langle y-z,$ $Az\}$
$z\in$ Fix $(F_{r}(I-rA))\Leftrightarrow z=F_{r}(I-rA)z\Leftrightarrow z\in$ EP
Moudafi $|$ , 4.1
4.2 ([15, Theorem 3.1]). $H,$ $C,$ $f,$ $T$ $A$ 4.1 , $\{r_{n}\}$
$[a, b]$ , $\{\alpha_{n}\}$ $[c, d]$ , $0<a\leq b<2\alpha,$ $0<c\leq d<1$
, Fix$(T)\cap$ EP $\neq\emptyset$ , $\{x_{n}\}$ $x_{1}\in C$ $n\in \mathbb{N}$
1
$f(y_{n}, y)+\langle y-y_{n},$ $Ax_{n}\rangle+-\langle y-y_{n},$ $y_{n}-x_{n}\rangle\geq 0,$ $\forall y\in C$ ; (4.2)
$r_{n}$
$x_{n+1}=\alpha_{n}x_{n}+(1-\alpha_{n})Ty_{n}$ (4.3)
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, $\{x_{n}\}$ $u\in D$ , $D=$ Fix$(T)\cap$ EP,
$u= \lim_{narrow\infty}P_{D}(x_{n})$
4.2 ,
4.3 ([1, Lemma 3.2]). $H$ Hilbert , $C$ $H$ , $\{\alpha_{n}\}$
$[c, d]$ , $\{S_{n}\}$ $C$ $C$ , $0<c\leq d<1$
,
(1) $F= \bigcap_{n=1}^{\infty}Fix(S_{n})\neq\emptyset$ ;
(2) $\{S_{n}\}$ (B)
, $x_{1}=x\in C$ $n\in \mathbb{N}$ $x_{n+1}=\alpha_{n}x_{n}+(1-\alpha_{n})S_{n}x_{n}$
$\{x_{n}\}$ , $u\in F$ , $u= \lim_{narrow\infty}P_{F}(x_{n})$
43 , 42
42 .
$F_{r_{n}}(I-r_{n}A)x_{n}$
$= \{z\in C:0\leq f(z, y)+\frac{1}{r_{n}}\langle y-z,$ $z-(x_{n}-r_{n}Ax_{n})\rangle,$ $\forall y\in C\}$
$=\{z\in C:0\leq f(z, y)+\langle y-z,$ $Ax_{n} \rangle+\frac{1}{r_{n}}\langle y-z,$ $z-x_{n}),$ $\forall y\in C\}$
, (3.1) (4.2) , $n\in \mathbb{N}$ , $y_{n}=F_{r_{n}}(I-r_{n}A)x_{n}$
, $S_{n}=TF_{r_{n}}(I-r_{n}A)$ , (4.3)
$x_{n+1}=\alpha_{n}x_{n}+(1-\alpha_{n})TF_{r_{n}}(I-r_{n}A)x_{n}$
$=\alpha_{n}x_{n}+(1-\alpha_{n})S_{n}x_{n}$
, $S_{n}$
(1) $\bigcap_{n=1}^{\infty}$ Fix$(S_{n})=$ Fix$(T)\cap$ EP $\neq\emptyset$ ;
(2) $\{S_{n}\}$ (B)
, 43 42
$F_{r_{n}}$ , $I-r_{n}A$ , $F_{r_{n}}(I-r_{n}A)$
, (4.1)
Fix$(T)\cap$ Fix $(F_{r_{n}}(I-r_{n}A))=$ Fix$(T)\cap$ EP $\neq\emptyset$
32
, 2.1
Fix$(S_{n})=$ Fix $(TF_{r_{n}}(I-r_{n}A))=$ Fix$(T)\cap$ Fix $(F_{r_{n}}(I-r_{n}A))=$ Fix$(T)\cap$ EP
Fix$(s_{n})=$ Fix $(T)\cap EP\neq\emptyset$
$n=1$
, $\{S_{n}\}$ (B) $D$ $C$ , $\{n_{i}\}$
$\mathbb{N}$ , $\{r_{n_{i}}\}$
$r_{n_{i_{j}}}arrow s\in[a, b]$ , $S=TF_{s}(I-sA)$ ,
Fix$(S)=$ Fix$(T)\cap$ EP $= \bigcap_{n=1}^{\infty}$ Fix$(S_{n})$
$T$ , $F_{r_{n}}$ 33(4) , $y\in C$
$n\in \mathbb{N}$
$\Vert Sy-S_{n}y\Vert=\Vert TF_{s}(I-sA)y-TF_{r_{n}}(I-r_{n}A)y\Vert$
$\leq\Vert F_{s}(I-sA)y-F_{r_{n}}(I-r_{n}A)y\Vert$
$\leq\Vert F_{s}(I-sA)y-F_{r_{n}}(I-sA)y\Vert+\Vert F_{r_{n}}(I-sA)y-F_{r_{n}}(I-r_{n}A)y\Vert$
$\leq\frac{|s-r_{n}|}{s}\Vert(I-sA)y-F_{s}(I-sA)y\Vert+\Vert(I-sA)y-(I-r_{n}A)y\Vert$
$\leq|s-r_{n}|(\frac{1}{s}\Vert(I-sA)y-F_{s}(I-sA)y\Vert+\Vert Ay\Vert)$
$I-sA,$ $F_{s}$ , $A$ Lipschitz
$M= \sup\{\frac{1}{s}\Vert(I-sA)y-F_{s}(I-sA)y\Vert+\Vert Ay\Vert:y\in D\}<\infty$
$\lim_{jarrow\infty}\sup\{\Vert Sy-S_{n_{i_{j}}}y\Vert:y\in D\}\leq\lim_{jarrow\infty}|s-r_{n_{i_{j}}}|M=0$
, $\{S_{n}\}$ $($B $)$
33
4.2 , J
, [17]
[17]
4.4. $H$ Hilbert , $C$ $H$ , $f$ $C\cross C$
, $T:Carrow C$ , $A:Carrow H$ $\alpha$-
, $f$ 32 (Fl), (F2), (F3) (F4) ,
$z\in$ Fix$(T)\cap$ VI$(C, A)\cap$ EP$(f)$
VI $(C, A)=\{x\in C:\langle y-x, Ax\rangle\geq 0, \forall y\in C\}$
4.4 VI$(C, A)$ $A$ , $\lambda>0$
Fix $(P_{C}(I-\lambda A))=$ VI$(C, A)$ (4.4)
( , [20] )
[17] , [21]
4.5 ([17, Theorem 3.1]). $H,$ $C,$ $f,$ $T$ $A$ 44 , $x$ $H$ ,
$\{\lambda_{n}\}$ $[a, b]$ , $\{\alpha_{n}\}$ $[0, c]$ , $\{r_{n}\}$ $[d, \infty)$ , $0<a\leq b<2\alpha$ ,
$0\leq c<1,$ $d>0$ , Fix$(T)\cap$ VI$(C, A)\cap$ EP $(f)\neq\emptyset$ , $\{x_{n}\}$
$x_{1}=x\in C,$ $C_{1}=C$ $n\in \mathbb{N}$
$\{\begin{array}{l}y_{n}=\alpha_{n}x_{n}+(1-\alpha_{n})TP_{C}(I-\lambda_{n}A)F_{r_{n}}x_{n};C_{n+1}=\{z\in C_{n}:\Vert y_{n}-z\Vert\leq\Vert x_{n}-z\Vert\};x_{n+1}=P_{C_{n+1}}(x)\end{array}$ (4.5)
, $\{x_{n}\}$ $P_{D}(x)$ , $D=$ Fix$(T)\cap$ VI$(C, A)$
EP $(f)$
45 ,
4.6 ([6, Theorem 3.4]). $H$ Hilbert , $C$ $H$ , $x$
$H$ , $\{S_{n}\}$ $C$ $H$ , $\{\alpha_{n}\}$ $[0, c]$
34
, $0\leq c<1$ , $\{S_{n}\}$ (Z)
$C$ $\{x_{n}\}$ $H$ $\{C_{n}\}$ $C_{1}=C$ $n\in \mathbb{N}$
$\{\begin{array}{l}x_{n}=P_{C_{n}}(x);y_{n}=\alpha_{n}x_{n}+(1-\alpha_{n})S_{n}x_{n};C_{n+1}=\{z\in C_{n}:\Vert y_{n}-z\Vert\leq\Vert x_{n}-z\Vert\}\end{array}$
, $\{x_{n}\}$ $P_{F}(x)$ , $F= \bigcap_{n=1}^{\infty}F(S_{n})$
46 45
45 . $S_{n}=TP_{C}(I-\lambda_{n}A)F_{r_{n}}$ ,
$\bigcap_{n=1}^{\infty}$ Fix$(S_{n})=D\neq\emptyset$ (4.6)
$\{S_{n}\}$ (Z)
(4.4) 33(1) Fix $(P_{C}(I-\lambda_{n}A))=$ VI$(C, A)$ , Fix$(F_{r_{n}})=$ EP$(f)$
, $n\in \mathbb{N}$
Fix$(TP_{C}(I-\lambda_{n}A))\cap$ Fix$(F_{r_{n}})\supset D\neq\emptyset$ ,
Fix $(T)\cap$ Fix$(P_{C}(I-\lambda_{n}A))\supset D\neq\emptyset$
$P_{C}(I-\lambda_{n}A)$ $F_{r_{n}}$ , 2.1
Fix$(S_{n})=$ Fix $(TP_{C}(I-\lambda_{n}A)F_{r_{n}})$
$=$ Fix $(TP_{C}(I-\lambda_{n}A))\cap$ Fix$(F_{r_{n}})$
$=$ Fix$(T)\cap$ Fix $(P_{C}(I-\lambda_{n}A))\cap$ Fix$(F_{r_{n}})=D$
$($4.6 $)$
, $\{S_{n}\}$ (Z) $\{y$ $y_{n}-S_{n}y_{n}arrow 0$ $C$
, $y_{n_{i}}arrow u$ $C$ $u\in C$ ,
$\bigcap_{n=1}^{\infty}$ Fix $(TP_{C}(I- \lambda_{n}A))\cap\bigcap_{n=1}^{\infty}$ Fix$(F_{r_{n}})=D\neq\emptyset$
, $\{TP_{C}(I-\lambda_{n}A)\}$ , 22 $\{F_{r_{n}}\}$
, 24
$y_{n}-TP_{C}(I-\lambda_{n}A)y_{n}arrow 0$ , (4.7)
35
$y_{n}-F_{r_{n}}y_{n}arrow 0$ (4.8)
33(5) (4.8) $u \in\bigcap_{n=1}^{\infty}$ Fix$(F_{r_{n}})=$ EP$(f)$
, 22 23 $\{P_{C}(I-\lambda_{n}A)\}$
Fix $(T) \cap\bigcap_{n=1}^{\infty}$ Fix $(P_{C}(I-\lambda_{n}A))\supset D\neq\emptyset$,
(4.7) 25
$y_{n}-Ty_{n}arrow 0$ , (4.9)
$y_{n}-P_{C}(I-\lambda_{n}A)y_{n}arrow 0$ (4.10)
$I-T$ demiclosed , (4.9) $u\in$ Fix$(T)$ ,
, $\{y_{n_{i}}\}$ $\{\lambda_{n}\}$ $\{\lambda_{n_{i}}\}$
, $\lambda_{n_{i}}arrow\lambda\in[a,$ $b]$ $P_{C}$ , $A$ Lipschitz , (4.10)
$\Vert y_{n_{i}}-P_{C}(I-\lambda A)y_{n_{i}}\Vert$
$\leq\Vert y_{n_{i}}-P_{C}(I-\lambda_{n_{i}}A)y_{n_{i}}\Vert+\Vert P_{C}(I-\lambda_{n_{i}}A)y_{n_{i}}-P_{C}(I-\lambda A)y_{n_{1}}\Vert$
$\leq\Vert y_{n}:-P_{C}(I-\lambda_{n_{i}}A)y_{n_{i}}\Vert+\Vert(I-\lambda_{n_{i}}A)y_{n_{i}}-(I-\lambda A)y_{n_{i}}\Vert$
$\leq\Vert y_{n_{i}}-P_{C}(I-\lambda_{n_{i}}A)y_{n_{i}}\Vert+|\lambda-\lambda_{n_{i}}|\Vert Ay_{n_{i}}\Vertarrow 0$
$P_{C}(I-\lambda A)$ , $I-P_{C}(I-\lambda A)$ demiclosed
, $u\in$ Fix $(P_{C}(I-\lambda A))=$ VI$(C, A)$ , $u\in D$
, $\{S_{n}\}$ (Z)
, 45 , [5]
5
, ,
3 , ,
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,
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( , [4, 8] )
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